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Abstract 
For the optimum use of cellular metals, good knowledge of the properties is a necessary precondition. One of the significant 
thermophysical properties is the effective thermal conductivity representing the various heat transfer processes. Furthermore, 
cellular metals have complex structures, which make the experimental investigation of this effective thermal conductivity rather 
complicated.  For the present investigations, hollow sphere structures from different steel alloys and open cell structures made of 
FeCrAl have been measured with two instruments, the transient plane source technique and the panel test technique up to about 
250°C and 800°C in air, respectively.  The results of both methods show good agreement. The effective thermal conductivity 
measurements are influenced by the effects of temperature, porosity and pore diameter. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Scientific Committee of North Carolina State University.  
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1. Introduction 
A lot of attractive properties of cellular metals like low density, high porosity, high thermal conductivity of cells, 
temperature resistance, big surface area and others are the reasons for increasing fields of application, like in thermal 
insulation, heat exchanger, heat storage and thermal regeneration. A significant thermophysical property is the 
effective thermal conductivity (keff). 
The keff of cellular metals was measured with various measurement devices at room temperature. An overview is 
presented in Skibina et al. (2011). Conversely, the number of investigations at high temperature and applied 
measurement methods is much lower. As steady-state methods, the Plate-Comparative shown by Andersen et al. 
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(2002), the Comparative Longitudinal (Babcsan et al. (2003)), the Plate (Sullins et al. (2001)) and the Guarded-Hot-
Plate (Zhao et al. (2004)) methods were used. In addition, the Laser Flash technique (Andersen et al. (2002), 
Coquard et al. (2009), Hohenauer et al. (2009)) was applied to determine the thermal diffusivity, which in 
combination with density and heat capacity gives the keff. Different cellular structures from various metals were 
investigated, for example fibre structures as shown by Andersen et al. (2002), open cell (Sullins et al. (2001), Zhao 
et al. (2004), Coquard et al. (2009), Hohenauer et al. (2009), Degischer et al. (2002)) and closed cell ones (Babcsan 
et al. (2003)), and hollow spheres (Stephani et al. (2009)). The measurements were done up to a maximum 
temperature of about 800°C (Andersen et al. (2002)). By analyse of data measured by different authors, some 
tendencies are unclear, for example: what is the minimum temperature for measureable thermal radiation 
contributions to the keff; how strong is the influence of the type of structure (open or hollow sphere), of porosity and 
pore sizes on the keff. For this reason, further investigations are necessary. 
2. Experimental 
2.1. Investigated materials 
For this research project, powder metallurgy produced hollow spheres (producer: Dresden Branch of the 
Fraunhofer Institute for Manufacturing Technology and Advanced Materials) and open cell structures (producer: 
Hollomet GmbH Dresden) were selected.  Table I presents the investigated materials. The pore diameters of the 
open cell structures were varied in a special manner in order to keep the porosity constant. Thus, it is possible to 
investigate the influence of pore size on the keff. 
 
 
Table 1. Examined materials 
Type of structures Material 
k, W/(m·K), (bulk 
material) 
Porosity E, % 
Diameter of pores 
(dpor), mm 
Hollow spheres 
Steel 
1.4404 
15 94 1.5*) 
Steel 
1.4401 
15 95 2.5*) 
steel 
1.4841 
15 
93 3.8*) 
95 4.6*) 
steel 
1.4767 
13 90 3.7*) 
Open cells FeCrAl 11 
89 0.9**) 
85 1.3**) 
88 1.9**) 
90 2.8**) 
88 3.6**) 
90 4.5**) 
89 7.2**) 
 
*) own measurements – light microscope;    
**) diameter of polyurethane (PU) –foam cells                                                    
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Fig. 1. The keff of hollow sphere structures in relation to the 
temperature (TPS) 
Fig. 2. The keff of hollow sphere structure steel 1.4841 as a function of 
the temperature (TPS, PT) 
 
2.2. Applied measurement methods 
Two instruments, the transient plane source technique (TPS) and the panel test technique (PT), were applied to 
measure the keff. The transient TPS technique works with a disk shaped sensor, which serves as a heat source and a 
resistance thermometer simultaneously as described by Log et al. (1995). During the measurements, the sensor was 
placed between two identical sample halves and from the temperature increase of the sensor over time the thermal 
conductivity, the thermal diffusivity and the specific heat capacity will be determined. For the presented 
measurements, two Kapton coated sensors with diameter 6.4 mm and 12.8 mm were used. The TPS method was 
used at temperatures up to 250°C for all investigated materials. All samples were eroded to get plane surfaces and 
maximal contact with the sensor.  
   For the steady-state PT method, the sample is heated from the top in a furnace. The thermal conductivity is 
determined from temperature gradients in the sample, the sample thickness and the surface area, and the heat flow.  
The heat flow measurements are conducted in a water floated calorimeter placed below the investigated material. 
The PT method is described in detail in Gross et al. (2001).  
Individual samples were investigated with PT method up to about 800°C to supplement and to confirm the 
measurement results of the TPS method. For the PT instrument, plane and parallel grinded samples are used. Both 
measurement techniques were applied in air atmosphere. Oxidation is not taken into account, because it does not 
take place at heat resistant metal alloys. 
3. Results and discussion 
3.1. Results for hollow sphere structures 
As already mentioned all hollow sphere structures were investigated with the TPS method up to 250°C, 
represented by filled symbols in Fig.1. All results of the TPS method were achieved with a sensor diameter of 12.8 
mm.  
Additionally, the thermal conductivity of the solid base material at room temperature, the porosity and the pore 
diameters of the investigated materials are listed in Fig.1. Thereby, it is to be recognized that the porosity directly 
influences the keff. The keff values are distributed in such a way that the lowest values of the ETC are at the maximal 
porosity of 95 % and the highest values of keff correlate with the sample showing the lowest porosity of 90 %. The 
high measurement values for a porosity of 90 % cannot be explained by the improved contact between the hollow 
spheres resulted of a good sintering between them. In addition, it is to be recognized that there is no pore size 
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influence on the ETC at temperatures up to 250°C. This statement is based on the ETC results of hollow sphere 
structure from steel with the largest pore diameters. The keff values of these structures are similar compared to the 
other hollow sphere structures independent of pore diameters for nearly identical porosity. Furthermore, Fig.1 shows 
an increase of keff (about 10-20 % in the considered range) with temperature. This can be explained by the increasing 
of thermal conductivity of the bulk material, of the gas within the pores and their radiative heat contribution. Similar 
results are presented in Fig. 2 for steel 1.4841, which was measured with the PT method up to about 800°C. Good 
agreement is obtained with the TPS results, which are supplemented as triangles. 
3.2. Results for open cell structures 
All open cell structures were investigated with the TPS method up to 250°C, too. Due to different pore diameters, 
two Kapton sensors with diameters 6.4 mm and 12.8 mm were applied. Fig. 3 presents results for various porosities 
and pore diameters. 
The results are found to increase for rising temperatures without any significant pore diameter effects. The 
highest keff values correlate with the lowest porosity of 85 % and vice versa. Accordingly, the direct influence of the 
porosity may be recognized for elevated temperatures as well as for the investigation at room temperature as shown 
by Skibina et al. (2011).   
In contrast, the pore diameters do not have any visible influence in the temperature range up to 250°C. For 
example, the keff values of structures with a similar porosity but pore sizes of 1.9 mm, 2.8 mm and 7.2 mm are 
situated at the same level, independent of the pore diameter. 
Two materials with pore diameters of 1.9 mm and 2.8 mm have been selected to investigate to coupled pore-size 
and temperature effects, using the PT method up to 820°C. Results are presented in Fig. 4 together with those 
obtained by the TPS method and good agreement is found. Analyzing the temperature range of 400-820°C, the keff 
values for the pore diameter 2.8 mm are considerably higher than those for 1.9 mm. Additionally, their mutual 
difference grows from about 7 % at 400°C up to a maximum as about 20 % at 820°C. Small pores prevent the 
radiative heat transfer due to the radiation protective shielding effects. The number of radiation protective shields is 
higher for materials with small pore diameters than for the larger ones. 
 
 
  
Fig. 3. The keff of open cell FeCrAl structures as a function of to the 
temperature (TPS) 
Fig. 4. The keff of open cell FeCrAl structures with diameter of pores 
(dpor) = 1.9; 2.8 mm as a function of the temperature (TPS, PT) 
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4. Conclusions 
To summarize, hollow sphere structures and the open cell structures were investigated with two instrument based 
on the TPS and PT techniques at temperatures up to 250°C and 800°C, respectively. Results from both methods 
show good agreement. The keff increases with increasing temperature and decreasing porosity for all investigated 
materials. Up to 250°C, there is no pore diameter influence on the keff. At temperatures up to 250°C, the cellular 
metals with large pore diameters show high keff due to the substantial radiation effect.  
Furthermore, it is important to know the radiation properties of cellular metals for analysis and modeling in the 
high temperature range.  This will be subject for further investigations. 
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